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He used to tell me, “Do what you like to do.
It’ll probably turn out to be what you do best.”
—Wallace Stegner, Crossing to Safety
1 Introduction
Over nearly three decades at the University of Wis-
consin, Jeff Naughton has left an indelible mark on
computer science. He has been a global leader of the
database research field, deepening its core and push-
ing its boundaries. Many of Naughton’s ideas were
translated directly into practice in commercial and open-
source systems. But software comes and goes. In the
end, it is the ideas themselves that have had impact, ideas
written down in papers.
Naughton has been a prolific scholar over the last
thirty years, with over 175 publications in his bibliog-
raphy, covering a wide range of topics. This document
does not attempt to enumerate or even summarize the
wealth of ideas that Naughton has published over the
course of his academic career—the task is too daunting.
Instead, the best this short note aims to do is to serve as
a rough map of the territory: something to help other re-
searchers navigate the wide spaces of Naughton’s work.
2 Brief Academic Biography
Jeffrey F. Naughton received his bachelor’s degree from
the University of Wisconsin in 1982, and completed his
Ph.D. at Stanford in 1987 under the direction of Jeffrey
Ullman. After a two-year stint as an Assistant Professor
at Princeton, he returned to the University of Wiscon-
sin where he served on the faculty for 26 years. During
his years at Wisconsin, Naughton supervised numerous
research students, served as Chair of the Computer Sci-
ences Department, and was a five-time repeat recipient
of the venerable “Cow Award” for excellence in class-
room teaching.
His research promise was recognized early with the
Presidential Young Investigator award in 1991. His
research success was honored in its fullness multi-
ple times, including the ACM-SIGMOD Test of Time
Award in 2004 for Shore object database system [41],
and the 2008 ACM Software Systems Award as a mem-
ber of the Gamma Parallel Database team. As overar-
ching recognition of both his contributions and ongoing
promise, Naughton received the University of Wisconsin
Vilas Associate award for excellence in research in 2000,
and was inducted as a Fellow of the ACM in 2002.
As of this writing, Naughton has supervised at least 43
Ph.D. students (Table 1). Including the five students he
is currently supervising, Naughton has at least 92 Ph.D.
descendants [188].
This bibliography marks a checkpoint in Naughton’s
career, not an endpoint. In 2016, Naughton left the Uni-
versity of Wisconsin for a senior post in research and de-
velopment at Google. There will undoubtedly be many
years of Naughton innovations in his new environment,
and hopefully some of those ideas will appear in the
scholarly literature as well.
3 Bibliographic Overview
3.1 Recursive Query Processing (1986-
1991)
Naughton’s PhD thesis focused on the optimization of
recursive queries in Datalog [6], a topic of significant
theoretical interest at the time. Naughton contributed
multiple results in this area at Stanford, Princeton and
Wisconsin. Highlights include techniques begun in his
PhD thesis to rewrite queries to avoid recursion entirely
when possible (bounded recursions) [1, 7, 28], and tech-
niques to rewrite queries for efficient bottom-up evalua-
tion [15]. Sadly, many of Naughton’s results in this area
are difficult to find online at present; interested scholars
are directed to their nearest university library for details.
3.2 Sampling (1989-1995)
Sampling and Estimation are recurring themes of
Naughton’s work throughout his career, with papers as
recently as 2016 [189]. The heyday of Naughton’s sam-
pling work occured in the first half of the 1990’s, in the
domain of selectivity estimation for query optimization.
Naughton’s initial publications on the topic arose dur-
ing his stint at Princeton, where he worked with cel-
ebrated theoretician Richard Lipton. The first paper
arose in the domain of recursive queries: estimating
the size of transitive closures in order to optimize re-
cursive queries in a cost-based manner [11]. This led
to subsquent papers on relational database sampling,
often with Lipton or Peter J. Haas of IBM Research,
covering traditional select/join query selectivity estima-
tion [17, 37, 44, 52, 61] as well as distinct value (projec-
tion) estimation [50].
Naughton’s expertise on sampling and estimation in-
formed many topics later in his career, discussed below.
3.3 Object Databases (1991-1997)
Naughton’s work in the database group at Wisconsin is
characterized by deep, abiding collaborations on sys-
tems projects with his colleagues, notably David DeWitt
and Michael Carey.
First among these efforts was work on Object-
Oriented Databases. Particularly influential efforts in-
cluded the Shore system [41] and the OO7 [35, 35] and
Bucky [64] benchmarks. The OO7 and Shore work are
among Naughton’s most-cited papers [187], attesting to
the broad interest in Naughton’s projects in this area. At
a more technical level, Naughton and his PhD students
did deep work in this context on clustering objects in
second storage [31, 34], database loading for intercon-
nected objects [48, 58], and garbage collection in sec-
ondary storage [49].
3.4 Parallel Databases (1991-1997)
Naughton was a participant in Wisconsin’s Gamma Par-
allel Database effort, which is considered one of the
landmark research systems in 20th century computing
history. He was also on the team that did follow-on work
on Parallel Geo-Spatial data management in the Paradise
project [66]. Parallelism is another recurring theme in
Naughton’s work throughout various topics below.
Naughton’s contributions in parallel databases fo-
cused on improving join processing, including non-
equijoins (“band” joins) [21], and joins that have to
cope with data skew [32]—the latter being a very com-
mon problem in modern Big Data settings. In these pa-
pers, Naughton brought his expertise in database sam-
pling to bear on the runtime execution of queries [33].
Naughton also worked on parallel execution of object
traversal [43], as part of a body of work that presaged the
popularity of MapReduce-style parallel computation.
3.5 Aggregation and Data Cubes (1995-
2005)
In addition to joins, Naughton did extensive work on ag-
gregate query processing. This included early work on
adaptive aggregation using sampling [55] in the context
of parallel databases. But some of Naughton’s most ex-
tensive and well-cited aggregation work was in the area
of multidimensional data cubes, including his work on
computing the cube [59, 68, 74, 75], and on working
with materialized views of the cube [70, 72, 83, 107,
120]. Multidimensional data cubes have become a fix-
ture in the practical landscape of data management—
they are a standard user interface metaphor in modern
Business Intelligence tools and spreadsheets, and are an
ongoing area of focus for database vendors as well as
open-source database systems. As of the time of this
writing, Naughton’s initial work on computing the cube
was both his third-most-cited [59] and seventh-most-
cited [68] papers, with 775 and 527 citations respec-
tively [187].
3.6 Document Databases and the Web
(1999-2009)
As the millenium drew to a close, the world became
connected via the Internet and the World-Wide Web,
and Naughton’s work turned to issues in web data man-
agement. These included topics in managing semi-
structured document data, and in serving database data
online.
Naughton and his students were among the leaders
in bridging XML document management and traditional
database ideas from the relational era. The work is
broadly applicable to any data model with nested and/or
variant structure, including the JSON model used in
many currently-popular document databases.
Naughton’s work on XML and relational databases
was extensive in its scope [76, 89, 101, 105, 111, 113,
114, 118, 145]. It was also extremely influential in both
industry and academia. Naughton’s single most widely-
cited paper is his 1999 work that opened up this space,
laying out the connections and differences between
XML and relational databases [76]; as of this writing it
had over 1500 citations in the literature [187]. Another
topic in this area that has attracted enormous attention is
the problem of answering containment queries [81, 90];
the second of these papers is Naughton’s second-most-
cited result, with over 1000 citations as of the time of
writing [187].
Naughton also returned to his roots in this domain, re-
visiting problems such as selectivity estimation [84, 99]
and recursive query processing [112] in the context of
XML. In later years, Naughton returned to the topic
of document data in the guise of “sparse” relational
datasets, which can be viewed either as relations with
many nulls, or key-value maps [123, 131]
A related topic at the turn of the millenium was the in-
tegration of databases with web servers. In this domain,
Naughton worked on a series of papers regarding web
caching for database-backed websites [79, 87, 96, 141].
3.7 Streaming, Progress and Online Query
Processing (2001-2014)
Naughton was an ongoing contributor to improving the
user experience for long-running queries—an abiding is-
sue in large-scale analytics. Naughton’s work included
an ongoing effort into progress indicators for long-
running queries [115, 119, 128, 165, 167, 168, 180], as
well as providing online results for those queries while
they are in progress [94, 95, 176]. In both cases, progress
and answers often need to be estimated, again exercising
Naughton’s expertise in database sampling and estima-
tion.
In a related vein, Naughton contributed fundamen-
tal work on processing continuous queries over Data
Streams [97, 103, 122, 166]—here too, results have to
be produced before data is fully consumed. The setting
for much of his work was the Niagara Internet Query
System [88], a vision of streaming XML documents that
combined challenges in XML document processing with
challenges in stream processing, adaptive query execu-
tion, data integration and text search.
3.8 Privacy in Databases (2009-2013)
In his last decade at Wisconsin, Naughton became in-
terested in the topic of data privacy, with a particu-
lar focus on anonymization methods for query process-
ing. In many of Naughton’s papers in this area there
were connections to topics where he had done pioneer-
ing prior work previously, including connections be-
tween anonymization and spatial indexing [133], as well
as anonymization of set-valued attributes [146], stream-
ing events [156], range predicates [169] and recursive
queries [170]. Naughton’s privacy work also including
dynamic anonymization [155] and anonymization of fre-
quent itemset algorithms for data mining [161].
3.9 Data Provenance and Information Ex-
traction (2006-2012)
Another topic that Naughton explored in his final decade
at Wisconsin was that of extracting data from source sys-
tems, and reasoning about the provenance (lineage) of
data. This includes work both in the context of logs from
job scheduling systems like Wisconsin’s long-running
Condor project [129, 148], as well as automated in-
formation extraction from text [132, 138, 159] where
Naughton also did core research [102, 130, 135, 137,
139].
3.10 Text Search in Databases (2009-2015)
Related to his work on XML as well as Information
Extraction, Naughton and his students worked on vari-
ous problems in searching and combining textual data in
databases. This includes work on combining keyword
search results with forms [144, 149], approximate string
membership [157, 160], and debugging of “why not”
provenance in keyword search over databases [182].
3.11 Indexing (1995-2014)
A cross-cutting topic in Naughton’s work is the devel-
opment and use of index structures, from generalized
search trees [51] to document store indexes [92, 93] to
text queries [111, 178].
3.12 And So Much More
Jeff Naughton is sui generis: beyond category. So it is
not surprising that the categories above do not cover his
work. Given his devotion to his many Ph.D. students,
the best overview of Naughton’s work may be the topics
of his students’ dissertations in Table 1. To both Jeff and
his students, I apologize both for the work I misclassified
above, and the work I neglected to classify entirely.
4 A Personal Note
Jeff Naughton’s bibliography and papers, impressive as
they are, present only a narrow picture of the man. I con-
sider myself lucky to have studied with him at Wiscon-
sin. As Jeff’s student both during and after my Ph.D., I
learned many things beyond computer science. I learned
how to shake off disappointment and failure, and turn
them into research results; I will be forever grateful for
his confidence in me and his gentle guidance through
difficult times. I saw how humor can smooth the ups and
downs of learning. I was given patient lessons in balanc-
ing ambition and grace, from a role model who coupled
a characteristically midwestern humility to deep insight,
steady confidence and a wicked sense of humor. Per-
haps most significantly I got to see—first with puzzle-
ment and later with admiration—how a first-rate scholar
can protect his time, put family first, and raise delightful
children. As the years have passed, I’ve had to find my
own path through similar issues, and I’ve been grateful
to have seen the trails Jeff blazed. I don’t try to follow
Jeff directly; he is unique. But he has been a guide-
post for me in many issues at the juncture of scholarship,
drive, and fulfillment. For all that I am grateful.
Like Jeff, I have lifelong ties to Madison; probably
this makes me more wistful about his departure from the
UW than I might be otherwise. To me, Jeff has many of
the qualities that represent the best of Wisconsin char-
acter: wit, wisdom and friendly modesty. His departure
will leave a hole at the heart of the computer sciences de-
partment. I know Jeff will bring all those qualities and
more to his new career in industry. I hope the people
of both Wisconsin and the data management community
continue to benefit from Jeff’s brilliance and character
for many years to come.
And so, by circuitous and unpredictable
routes, we converge toward midcontinent
and meet in Madison, and are at once
drawn together.
—Wallace Stegner, Crossing to Safety
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